shown, their task is to accelerate and control life processes and to increase plant resistance to stress.
These stimulators are safe for the environment and can in part complement the activity of chemical means of plant production including fertilization. Biostimulators are biologically active substances and are manufactured from the extracts from marine organisms (algae and seaweed), microorganisms, phytohormones and micro-and macroelements (e.g., titanium). In order to increase the production, potential biostimulators activate the metabolism and chemical reactions throughout the plant. Their main task is to improve the quantitative and qualitative parameters of crops as well as the amount of chlorophyll and root mass, which supports the uptake of nutrients from the soil, and thereby affects the reduction of their losses from the soil environment, in particular nitrogen [Jankowski and Dubis 2008 , Kozak et al. 2008 , Matysiak et al. 2011 , Pacholczak et al. 2013 , Jankowski et al. 2014 . In light of the current research and agricultural practice, it has been proven that the use of supporting preparations helps to minimize intensive mineral fertilization, in particular the doses of nitrogen.
The aim of the study was to determine the effect of the application of biostimulation agents (Asahi SL, Kelpak SL, Tytanit) applied against the limited dose of nitrogen (75 kgN·ha-1) on winter wheat 'Muszelka'. Measuring grain yield, protein content, amount of chlorophyll and root mass.
MAtErIAL And MEtHodS
The source material includes the results from the field experiments IVa -average quality arable soil. This region is characterized by average air temperatures of 7.7 °C and mean of summer months (IV-IX) is 14 °C, while the average annual precipitation is low and is 432 mm.
The study was conducted on the basis of a one-factorial field experiment, where three stimulating agents were applied in different doses and developmental phases. Depending on the formulation (BBCH 23, 37, 69) and the control (n = 7), against the limited mineral fertilization. The following stimulant agents were used: Tytanit -mineral fertilizer, also classified as mineral growth stimulants; Asahi SL -plant growth and yield stimulator, biostimulant based on three nitrophenols; Kelpak SL -growth regulator, algae extract containing plant hormones: auxins, cytokines. The representative samples of plant material were collected, and following parameters were determined: total protein content in grain using whole grain analyser Infratec 1241; chlorophyll content in leaves using a Minolta-type apparatus. The individual parameters were determined according to the applicable standards for specialized devices with international ICC standards.
The results obtained were statistically analysed by one-way analysis of variance according to a model compatible with the experience system, evaluating the significance of differences in the Tukey test with the significance level α = 0.05, and calculating the correlation between the tested parameters using Statistica 10.0.
rESuLtS And dIScuSSIon
It was found that the stimulants used in the study significantly increased the protein content in grain of winter wheat, as well as the amount of chlorophyll and the root mass, but did not significantly differentiate the yield (Table 2) .
Despite the lack of significant influence on the yield of winter wheat 'Muszelka', after applying the agents in different phenological and 69 (Table 2 ). However, it should be noted that the average grain yield after the application of Asahi SL (BBCH 37), Kelpak and biostimulant agents resulted in higher yields compared to the cited literature (80-160 kg N·ha -1 ) [Truba et al. 2012 , Knapowski et al. 2016 ] and this causes a higher intake of nutrients from the soil.
The used agents signifi cantly impacted the total protein content in winter wheat grains, which was within the range of 116.2 g•kg [Wróbel, Woźniak 2008 , Knapowski et al. 2010 .
After the application of the tested stimulant agents, there was generally a signifi cant increase in the mean total protein content in grain of winter wheat compared to the value obtained on the control object, except the object where Kelpak SL was applied.
The highest content of this parameter was obtained after the application of Asahi SL in BBCH 23 and Tytanit in stage BBCH 37; they were signifi cantly higher by 6.5% compared to the control. The higher values of total protein content in wheat grains collected from the facilities, where these biostimulators were applied may indicate that they have a signifi cant effect on the higher nitrogen uptake from the soil and on its proper metabolism in the plant. These results confi rm the thesis by Czubiński [2011] that states the biostimulating agents are substances that affect Table 2 . Mean values of selected winter wheat grain parameters from two years of research (2014) (2015) , depending on the application of stimulants against fertilization.
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n.i. for explanations, see Table 2 -objaśnienia pod tabelą 2 Figure 1 . Protein content and yield of winter wheat variety 'Muszelka' after application of the tested agents depending on the time of their use by BBCH scale, (as 100% -control).
the changes in biochemical processes in the plant, increase the natural reactions in plant cells. Also, Kowalska et al. [2012] confi rms that they increase the intensity of nutrient uptake by crops by improving the existing mechanisms in plants.
The biostimulators signifi cantly determined the amount of chlorophyll in wheat leaves, which was examined two weeks after the application of stimulators used within phenological phases.
It has been found that the amount of chlorophyll increased for all the agents used in relation to control (Table 2) . Signifi cant increase in the amount of chlorophyll only by 3% occurred after the application of Tytanit in phase BBCH 23. However, in the phases BBCH 37 and BBCH 69, the amount of chlorophyll increased by 12% and 13% respectively (Figure 2 ), which did not respond with the grain yield ( soil microorganisms is subject to many processes, as a result of which, a signifi cant part is losses by emission and leaching. This may also lead to the disturbance of microbiological balance and, consequently to soil degradation .
These studies have shown that the use of biostimulation agents in the era of intensive cultivation of plants may be an effective way to reduce the use of chemicals (fertilization), including the reduction of nitrogen doses. 3. Total protein content in wheat was significantly increased by the applied biostimulants, the highest average content found after the application of Asahi SL in phase BBCH 37
and Tytanit in BBCH 23, and the lowest was obtained on the control. 4. The study leads to the conclusion that the use of biostimulants against the limited dose of nitrogen appears to be ecologically beneficial. Most of all, they affect the stabilization of yield, the quality of plants, the amount of chlorophyll, the mass of roots and thus a higher download of nitrogen. It can be assumed that these stimulants can contribute to the reduction of nitrogen oxide emissions from agricultural soils.
